Two experiments were conducted to evaluate the effects of feeding corn modifi ed wet distillers grain plus solubles (MWDGS) co-ensiled with directcut forage (DC) to beef steers, on feedlot performance and total tract digestibility. In Exp. 1, sixty-four crossbred Angus steers (n = 64; 329 ± 43 kg) were blocked by BW and randomly assigned to 1 of 4 dietary treatments: 1) corn-silage and soybean meal (CON), 2) DC co-ensiled with MWDGS (CO-EN), 3) haylage mixed with MWDGS at feeding (H+WDG), and 4) haylage mixed with dry distillers grains plus solubles at feeding (H+DDG). Steers were harvested when they reached an endpoint of 1.1 cm of 12th-rib back fat. In Exp. 2, four ruminally cannulated beef steers (initial BW = 556 ± 31 kg) were used in a 4 × 4 Latin square to evaluate digestibility of diets used in Exp. 1. Experimental periods were 14 d in length with 10 d for diet adaptation and 4 d for sample collection. Three linear orthogonal contrasts were used to compare effects of 1) CON vs. diets containing distillers grains (DGD), 2) CO-EN vs. diets where distillers grains were mixed at feeding (MIX), and 3) H+WDG vs. H+DDG. In Exp. 1, DMI was less (P < 0.001) for steers fed CON compared with those fed DGD and greatest (P < 0.001) for steers fed CO-EN compared with MIX. Corn-silage-and soybean-mealfed steers had more days on feed than those fed DGD (P = 0.001). Body weight gain (P = 0.02) was greater for CO-EN compared with MIX. Fat thickness at the 12th and 13th ribs was greater (P = 0.03) for DGD steers compared with CON steers. Hot carcass weight was greater (P = 0.03) for steers fed CO-EN compared with those fed MIX. Steers fed CON resulted in greater marbling scores (P = 0.01) compared DGD-fed steers. Longissimus muscle area was greater (P = 0.01) for CON-fed steers compared with all other treatments. In Exp. 2, no differences (P > 0.10) in DM, OM, or N intakes were observed. Apparent total tract DM (P = 0.01) and N (P = 0.02) digestibility were greatest in steers fed CON compared with all others. Steers fed DGD had less (P = 0.02) rumen NH 3 concentrations compared with CON. The CON diet resulted in greater molar concentrations of VFA (P = 0.03) and decreased acetate to propionate ratio (P = 0.03) compared with all DGD. These data suggest that feeding MWDGS co-ensiled with directcut forage results in reduced diet digestibility but equal or greater feedlot performance and similar carcass and characteristics when compared with a corn diet supplemented with soybean meal and diets where MWDGS and DDGS were added at the mixer.
INTRODUCTION
The growing corn ethanol industry has created unprecedented increases in corn prices, challenging traditional livestock production practices. To remain competitive, beef producers will need to use alterna-tive feeds and take advantage of the abundance and favorable pricing of ethanol coproducts. When fed to supply adequate protein and energy, distillers grains have resulted in similar to superior performance of feedlot cattle (Gordon et al., 2002; Trenkle, 2007; Klopfenstein et al., 2008) . According to Dooley et al. (2008) , the use of wet distillers grain plus solubles (WDGS) products is most economically viable for operations that are located fewer than 97 km (on average) from an ethanol plant due to increasing transportation costs (decreased amounts of DM/volume) and a shorter shelf life (Lemenager et al., 2006) . Ensiling WDGS alone is possible but not recommended due to the increased moisture content of WDGS (Garcia and Kalscheur, 2004) . However, ensiling WDGS with other feedstuffs (co-ensiling) has proven successful (Buckmaster et al., 2008; Peterson et al., 2009; Buckner et al., 2010) . This allows for the purchase of bulk quantities of WDGS to store for future use without shelf life concerns. We hypothesized that co-ensiling modifi ed WDGS with direct-cut forage would not negatively affect feedlot performance, carcass quality, or diet digestibility in feedlot steers. Therefore, the objectives of these studies were to evaluate the effect of feeding corn modifi ed WDGS co-ensiled with direct-cut forage on feedlot performance, carcass characteristics, and total intake and diet digestibility of fi nishing steers.
MATERIALS AND METHODS
All animal care, handling, and surgical procedures were approved by the Purdue Animal Care and Use Committee before initiation of experiments. A licensed veterinarian at Purdue University Veterinary Clinical Sciences performed surgical placement of cannulas for steers used in Exp. 2. A 2-mo postsurgery period was allowed before initiation of the experiments. All experiments were carried out at the Purdue University Beef Unit, located in the Animal Sciences Research Center in West Lafayette, IN.
Experiment 1
Animals. Sixty-four predominantly Angus crossbred fi nishing steers (initial BW = 329 ± 43 kg) were weighed on 2 consecutive days before initiation of the study, stratifi ed and blocked by BW (16 pens; 4 steers/ pen; 4 treatment replications). Groups were assigned to 1 of 4 dietary treatments and fed until they reached an ultrasound measurement of approximately 1.1 cm 12th-to 13th-rib fat depth (UBF). Measurements were taken with an Aloka 500-V B-mode ultrasound instrument equipped with a 3.5-MHz, 12.5-cm linear transducer (Aloka American, Ltd., Wellington, CT). All steers were implanted with Revalor I-S (Intervet, Inc., Millsboro, DE) on d 1 before initiation of the study. Steers were then housed in 6.1 × 3.3 m pens inside 1 of 2 identical curtain-sided, slatted-fl oor fi nishing barns. Two steers from the haylage mixed with modifi ed (M) WDGS at feeding treatment suffered nontreatment related injuries during the trial, and data from these steers were excluded from the study.
Diets. Detailed ingredient and chemical composition of diets used in this experiment can be found in Table 1 . Finishing diets consisted of 1) corn-silage and soybean meal (CON), 2) direct-cut forage (DC) co-ensiled with MWDGS (CO-EN), 3) haylage (DC ensiled without MWDGS) mixed with MWDGS at feeding (H+WDG), and 4) haylage mixed with dry distillers grain plus solubles (DDGS) at feeding (H+DDG). All diets were balanced to meet or exceed NRC (2000) requirements of fi nishing beef steers and were formulated to be isocaloric and isonitrogenous to enhance the likelihood that any responses observed were due to the feed value of the MWDGS co-ensiled with DC, rather than differences in nutrient contents between treatments. The CON was designed to compare distillers grains diets to a traditional corn silage plus soybean meal ration. The 3 diets containing distillers grains were formulated to have similar inclusion rates of distillers grains (25.5% ± 2.2% of the DM of the diets). The DC and haylage were harvested from the same pasture and consisted of 40% tall fescue (Lolium arundinaceum), 20% orchard grass (Dactylis glomerata), 16% red clover (Trifolium pretense), 10% bluegrass (Poa pratensis), 3% alfalfa (Medicago sativa), and 11% other species on a DM basis and contained 28.4% DM, 17.9% CP, and 43.6% NDF (DM basis) at harvest and ensile time. The co-ensiled silage consisted of 65% MWDGS (45% DM, 29% CP, 14% crude fat, 31% NDF, 1.48 Mcal/kg; DM basis) mixed with 35% DC on a DM basis. Both feedstuffs were weighed and mixed using a horizontal Oswalt TMR mixer (J-STAR, Fort Atkinson, WI), bagged using an Ag-Bagger (Ag-bag International, Ltd., Warrenton, OR), and allowed to ensile for a minimum of 28 d before being fed. Individual feed ingredients for all diets were analyzed weekly for DM to adjust intake for dietary moisture content. Bunks were evaluated daily at 0700 h to determine the amount of feed to be offered. Steers were fed ad libitum once daily at 0800 h and were allowed free access to water and supplemental minerals.
Sampling. Feed samples were collected every 15 d and stored in a freezer until further analyses were conducted. Samples were dried in a forced-air oven at 60°C for 48 h, ground to pass a 1-mm screen (Udy Cyclone mill; UDY Corp., Fort Collins, Co), and analyzed for DM, OM, and ash (AOAC, 1990) . Neutral and acid detergent fi ber fractions were determined by ANKOM 2000 Fiber Analyzer (ANKOM Corp., Fairport, NY). Nitro-gen was determined via block digestion (AOAC, 1990; method 976.06 ) and steam distillation with MgO using a 2300 Kjeltec Analyzer Unit (FOSS TECATOR AB; Foss North America, Eden Prairie, MN). Crude protein was calculated by multiplying N percentage by 6.25. Net energy for growth was determined by a commercial laboratory (AgSource Soil & Forage Laboratory, Bonduel, WI).
Performance and Carcass Data. Individual BW and ultrasound measurement of approximately 1.1 cm 12th-to 13th-rib fat depth (UBF) were recorded every 28 d during the fi rst 90 d of the experiment and every 15 d from d 90 to 181 to monitor performance and to aid in harvest selection. Individual steers were identifi ed for slaughter when UBF reached approximately 1.1 cm. However, no individual steers were allowed to remain on study in a pen; therefore, if all but 1 steer within a pen had reached 1.1 cm of UBF, all steers were harvested regardless of the fi nal UBF of the animal. There were 7 harvest dates with these treatments and numbers of steers represented in each date: February 27: CO-EN (3), CON (2), H+DDG (2), H+WDG (1) Final BW was an average of BW taken on 2 consecutive days before transporting cattle for slaughter at a commercial beef-packing facility (Tyson Fresh Meats, Inc., Joslin, IL). Carcass data were collected by trained plant personnel after a 24-h chill (except for HCW data, which were taken immediately after exsanguinations) and included 1) subcutaneous fat depth at the 12th to 13th rib (BF), 2) LM area, 3) KPH fat as a percentage of carcass weight, 4) dressing percentage, 5) USDA quality grade, and 6) marbling score. Yield grade was calculated using the formula reported by Aberle et al. (2001) .
Statistical Analysis. Performance and carcass characteristics data were analyzed using the GLM procedure (SAS Inst. Inc., Cary, NC) for a randomized complete block design. The fi xed effect of treatment was included in the model, with pen serving as the experimental unit and pen location (within barn) serving as the block. The 2-way interaction of treatment × block was initially included in the statistical model and was subsequently removed if not signifi cant (P > 0.05).
No interactions were detected; therefore, only the 3 linear orthogonal contrasts were used to compare effects of CON vs. diets containing distillers grains, CO-EN vs. diets where distillers grains were mixed at feeding, and H+WDG vs. H+DDG. Although steers were harvested at a similar UBF, a difference (P = 0.02) in BF was found between treatments; therefore, BF was introduced in the model as a covariate to analyze performance variables. Predicted values using the covariate were not different (P > 0.10) from arithmetic means; therefore, the unadjusted arithmetic means are presented for all performance and carcass characteristics variables. Treatment differences were considered signifi cant at α = 0.05. (2000) requirements on a DM basis. CON = corn-silage and soybean meal; CO-EN = direct-cut forage (DC) co-ensiled with modifi ed wet distillers grain plus solubles (MWDGS); H+WDG = haylage (DC ensiled without MWDGS) mixed with MWDGS at feeding; H+DDG = haylage mixed with dry distillers grain plus solubles (DDGS) at feeding.
2 Haylage and DC consisted of 40% tall fescue (Lolium arundinaceum), 20% orchard grass (Dactylis glomerata), 16% red clover (Trifolium pretense), 10% bluegrass (Poa pratensis), 3% alfalfa (Medicago sativa), and 11% other species on a DM basis and contained 28.4% DM, 17.9% CP, and 43.6% NDF (DM basis).
3 Co-ensiled silage consisted of 65% MWDGS (45% DM, 29% CP, 14% crude fat, 31% NDF, 1.48 Mcal/kg; DM basis) mixed with 35% DC on a DM basis. 4 Corn modifi ed wet distillers grain plus solubles contained 44% DM, 29% CP, 14.1% fat, 31% NDF, 1.48 Mcal/kg, 0.75% sulfur, and 0.87% phosphorous (DM basis).
5 Corn dry distillers grain plus solubles contained 87% DM, 28% CP, 13.9% fat, 32% NDF, 1.45 Mcal/kg, 0.74% sulfur, and 0.88% phosphorous (DM basis).
6 Composed of 75.0% CaCO 3 , 10% salt, 5.69% urea, 4.49% Ackey mineral (Dayton, OH), 0.52% Rumensin (Elanco, Greenfi eld, IN) 80 mg/d (176.2 g Monensin per kg) and 0.126% Tylan 100 (Elanco; 220 g Tylosin per kg). 7 Based on values obtained from complete mixed feed samples in a laboratory.
Experiment 2
Animals. Four crossbred beef steers (initial BW = 556 ± 31 kg), fi tted with permanent ruminal cannulas (10 cm i.d.; Bar Diamond, Parma, ID), were used in a balanced 4 × 4 Latin square to test the effects of feeding MWDGS co-ensiled with DC on DM intake, ruminal fermentation characteristics, and total tract digestibility. There were four 14-d periods, with 10 d for diet adaptation and 4 d for samples collection. Steers were weighed at the initiation of the experiment and housed individually in 3.0 × 9.1 m outdoor pens during the fi rst 9 d of every adaptation period. Pens were inside a 3-sided barn and consisted of concrete fl oors covered with woodchips. On d 10, steers were moved into a climatecontrolled room with temperatures maintained between 17°C and 21°C and continuous lighting. Individual 1.0 × 2.0 m tie stalls were equipped with rubber mats and designed for total urine and fecal collections. At the end of d 14, steers were allowed access to pasture for 12 h to provide exercise before initiation of next period. Steers had free access to water at all times during the experiment.
Diets. Formulation and ingredient composition of diets used in this study were identical to those used in Exp. 1 (Table 1) . Steers were fed ad libitum by offering 10% above the intake of the previous day. Diets were fed as total mixed rations once daily at approximately 0800 h, and refusals were collected immediately before feeding. Diets were mixed using a Kelly Duplex series 57261 horizontal paddle mixer (Kelly Duplex Mill and Manufacturing Co., Springfi eld, OH) every 3 d and stored in a freezer at −20°C until fed. Corn modifi ed wet distillers grain plus solubles used in the CS+WDG diet were stored in large containers inside a walk-in cooler (4°C) throughout the experiment and belonged to the same batch.
Sampling Protocol. Orts were collected and weighed each morning before feeding. Samples of feed offered and orts were collected daily starting 1 d before the collection period. A set of feed and orts samples was placed in sealed plastic bags and stored at −20°C; a second set of feed samples was weighed and dried in a forced-air oven (Tru-Temp, Hotpack Corp., Philadelphia, PA) at 55°C for 48 h and stored until analyzed.
Total fecal output was collected into metal pans built into the fl oor and situated at the tail end of the tie stall designed to collect all fecal material during d 11 to 13 starting 4 h after feeding and every 4 h each day. The sampling times were advanced 2 h on d 12 to yield 12 samples that represent every 2-h collection during a 24-h period. Fecal output was recorded and sampled at approximately 10% (wet weight) of each 4-h collection. A fecal grab sample was weighed, dried in a forced-air oven at 55°C for 72 h, composited on an equal weight basis, and stored in sealed plastic bags until further processing for analysis. Total fecal output was used in the calculation of apparent total-tract digestibility. A separate stainless-steel pan located under the crate and covered by a steel grate drained to a plastic bucket, allowing for total urine collection. Ten milliliters of 6 N HCl were added to each empty bucket between each 4-h collection period to decrease the pH to 3.0 or below to avoid N volatilization and reduce microbial activity. Urine output was collected in the same manner as fecal output. Urine volume was measured every 4 h; a 100-mL sample was fi ltered through Whatman fi lter paper #4 and acidifi ed with 6 N HCl as needed. Samples were immediately stored in plastic screw-cap beakers inside a freezer (−20°C) until analyzed.
Liquid dilution rate was estimated using Co-EDTA as a liquid fl ow marker. A 200-mL dose of Co-EDTA (4.0 g of cobalt; Uden et al., 1980) was delivered intraruminally immediately before feeding on d 13 of each collection period, and ruminal samples were collected at 0, 2, 4, 6, 8, 12, 16, 20, 24, 30 , and 36 h postfeeding. Whole ruminal fl uid contents (approximately 300 mL) were sampled by manually removing a composite digesta sample from different locations within the rumen. Samples were strained through 4 layers of cheese cloth, and pH was determined immediately with a portable pH meter (model miniLab IQ125; IQ Scientifi c Instruments, Inc., Carlsbad, CA); the fl uid portion was transferred into duplicate 50-mL plastic centrifuge tubes, and each tube was acidifi ed with 1 mL of 6 N HCl and immediately frozen (−20°C) until analyzed for VFA, Co, and rumen NH 3 .
Blood samples were collected once daily via coccygeal venipuncture into 5-mL EDTA-lined Vacutainer tubes (Tyco Healthcare Group LP, Mansfi eld, MA) from d 11 to 14 to represent 0, 2, 4, and 8 h after feeding. Blood samples were immediately stored in ice for approximately 6 h until centrifugation at 10,000 × g for 20 min at 4°C. Serum was transferred into 5-mL polystyrene tubes and stored at −20°C until analyzed for blood urea nitrogen (BUN).
Laboratory Analysis. Feed offered, orts, and fecal samples were fi rst ground to pass a 3-mm screen (Wiley mill; Arthur Hill Thomas Co., Philadelphia, PA), composited for each steer within each period and then ground to pass a 1-mm screen (Udy Cyclone mill; UDY Corp., Fort Collins, Co). Samples were analyzed for DM, OM, and ash by standard procedures (AOAC, 1990) . Neutral and acid detergent fi ber fractions and CP were determined as in Exp. 1. Composite fecal samples were analyzed for DM by drying for 24 h at 100°C, and total DM fecal output was used in digestibility calculations.
Urine samples were thawed at room temperature for approximately 2 h, composited (equal volume daily) for each steer within each period, and analyzed for urinary urea nitrogen by the diacetyl monoxime method using a commercial kit (Stanbio Urea Nitrogen Kit, procedure 0580; Stanbio Laboratories, Boerne, TX). Blood plasma samples were analyzed for BUN using the same commercial kit (inter-and intra-assay CV were 5.39 and 3.14, respectively).
Ruminal fl uid samples were thawed at 4°C for 12 h and centrifuged at 20,000 × g for 20 min at 4°C, and the supernatant fraction was collected for analysis of Co and ruminal NH 3 and VFA concentrations. Ruminal VFA concentrations (acetate, propionate, butyrate, isobutyrate, valerate, and isovalerate) were quantifi ed by gas chromatography (GC/FID; Model 7890A; Agilent Technologies, Santa Clara, CA) using a Nukol capillary column (30 m × 0.25 mm × 25 μm; Supelco, Bellefonte, PA) equipped with a fl ame ionization detector; 2-ethylbutyric acid was used as the internal standard (Goetsch and Galyean, 1983; inter-and intra-assay CV were 3.38 and 1.69, respectively). It has been suggested that fermentation peaks 4 h postfeeding (Van Soest, 1994) ; therefore, rumen NH 3 concentration comparisons between treatments were only made for samples taken 4 h after feeding by steam distillation with MgO, using a 2300 Kjeltec Analyzer Unit (FOSS TECATOR AB; Foss North America; inter-and intra-assay CV were 1.97 and 2.09, respectively). Cobalt concentrations were determined as described by Uden et al. (1980) using an airplus-acetylene fl ame by atomic absorption spectroscopy (model 3110; Perkin Elmer, Inc., Norwalk, CT).
Statistical Analysis. All intake, digestion, and passage data were statistically analyzed using the GLM procedure (SAS Inst. Inc.) for a Latin square design, using steer (random effect) × period (fi xed effect) as the experimental unit. No interactions were detected for period × treatment or individual animal × treatment; therefore, only single-degree-of-freedom comparisons of CON vs. diets containing distillers grains (DGD), CO-EN vs. diets where distillers grains were mixed at feeding (MIX), and H+WDG vs. H+DDG were reported. Digestion criteria were analyzed using a model containing digestibility parameters as dependent variables and treatment, period, and animal as independent variables. Treatment differences were considered signifi cant at α = 0.05 and P-values > 0.05 and ≤ 0.10 were considered trends.
RESULTS AND DISCUSSION

Experiment 1
Performance. Dry matter intake was less (Table 2 ; P < 0.001) for steers fed CON compared with those fed DGD and greatest (P < 0.001) for steers fed the CO-EN diet when compared with MIX diets. Intake results from CON and DGD are consistent with those reported in earlier studies with similar diet composition (Firkins et al., 1985; Ham et al., 1994; Al-Suwaiegh et al., 2002; Vander Pol et al., 2006) . In a silage stability study conducted by researchers at Purdue University, Buckmaster et al. (2008) and Gunn et al. (2008) reported improved aerobic stability of co-ensiled blends of MWDGS with corn silage, corn stalks, soy hulls, and wheat straw. The increase in silage stability was attributed to the low pH in the fi nal mix associated with the MWDGS, which inhibits yeast, mold, and fungal growth (Buckmaster et al., 2008) and consequently minimizes the potential for spoiled silage. An improved stability in the CO-EN diets may be an in- 1 CON = corn-silage and soybean meal; CO-EN = direct-cut forage (DC) co-ensiled with modifi ed wet distillers grain plus solubles (MWDGS); H+WDG = haylage (DC ensiled without MWDGS) mixed with MWDGS at feeding; H+DDG = haylage mixed with DDGS at feeding. Haylage and DC consisted of 40% tall fescue (Lolium arundinaceum), 20% orchard grass (Dactylis glomerata), 16% red clover (Trifolium pretense), 10% bluegrass (Poa pratensis), 3% alfalfa (Medicago sativa), and 11% other species on a DM basis and contained 28.4% DM, 17.9% CP, and 43.6% NDF (DM basis). Co-ensiled silage consisted of 65% MWDGS (45% DM, 29% CP, 14% crude fat, 31% NDF, 1.48 Mcal/kg; DM basis) mixed with 35% DC on a DM basis. Corn modifi ed wet distillers grain plus solubles (MWDGS) contained 44% DM, 29% CP, 14.1% fat, 31% NDF, 1.48 Mcal/kg, 0.75% sulfur, and 0.87% phosphorous (DM basis). Corn dry distillers grain plus solubles (DDGS) contained 87% DM, 28% CP, 13.9% fat, 32% NDF, 1.45 Mcal/kg, 0.74% sulfur, and 0.88% phosphorous (DM basis).
2 n = 4. dicator of improved palatability, resulting in greater DMI as the feed quality lasts longer in the bunk. There were no differences for days on feed (P = 0.59) between CO-EN and the MIX diets, but steers fed the CON diet had more days on feed than those fed the DGD diets (P = 0.001). In contrast, no differences were identifi ed between CON and DGD when comparing final BW (P = 0.43) and BW gain (P = 0.41); however, both fi nal BW (P = 0.03) and BW gain (P = 0.02) were greater for the CO-EN when compared with MIX diets. Feed effi ciency (G:F) tended to be less (P = 0.06 ) for the CON fed steers compared with all other treatments, greater (P = 0.05) for CO-EN compared with MIX, and greater for WDG compared with DDG (P = 0.01). Average daily gains followed a similar pattern as DMI and were less (P < 0.001) in CON-fed steers compared with DGD-fed steers and greater (P < 0.001) in CO-EN steers compared with MIX steers. In agreement with the current study, Ham et al. (1994) reported that by replacing dry-rolled corn (DM basis) with wet and dried distillers co-products by 40%, cattle gained BW faster and more effi ciently than cattle fed a dry-rolled corn control without distillers grains. Additionally, cattle fed WDGS consumed less feed and were more effi cient than cattle fed DDGS, even though similar BW gains were reported. Al-Suwaiegh et al. (2002) also reported greater BW gains and improved feed effi ciency when comparing a dry-rolled corn fi nishing diet (control) with a diet where WDGS replaced 30% of the DM of the diet. Vander Pol et al. (2006) also reported greater ADG on diets with 20% WDGS (DM basis) when compared with a corn-based control. Additionally, Huls et al. (2008) reported maximum ADG and effi ciency at 20% and 50% inclusions of MWDGS, respectively, in diets ranging from 0% to 50% (DM basis) inclusions of MWDGS, replacing dry-rolled corn in fi nishing diets. The decreased ADG resulted in steers fed the control diet requiring more days on feed to reach the targeted BF before harvest (P < 0.01).
Some researchers have attributed improvements in ADG and feed effi ciency with distillers grains rations to greater proportions of energy supplied by fat instead of starch as in greater corn diets (Trenkle, 1996; Vander Pol et al., 2009) . The reduced starch content may result in a reduced incidence of subacute acidosis (Al-Suwaiegh et al., 2002) . Others have reported no differences between corn-based diets and diets with 15% to 30% inclusion rates (DM basis) of distillers grains in similar settings (Gordon et al., 2002; Trenkle, 2007; Depenbusch et al., 2008; Leupp et al., 2009) . Peer-reviewed data where coensiled WDGS are used in a fi nishing ration and compared with an isocaloric and isonitrogenous control diet are not available at this time Carcass Characteristics. Although UBF and weights were monitored periodically to aid with harvest selection, BF was greater (Table 3 ; P = 0.03) for steers fed DGD compared with CON-fed steers and greater (P = 0.01) for H+DDG compared with H+WDG. Because the purpose of monitoring UBF was to harvest all animals at a similar BF and differences were found among treatments, BF were tested as a covariate for all variables to determine if it had any effects on performance and carcass characteristics. The intercept-slope covariance estimate was not statistically different from 0 for any variable (P > 0.10); therefore data were not adjusted. The lack of uniformity in BF during harvesting may be attributed, in part, to the fact that no individual animal was allowed to stay alone in a pen; thus, if all but 1 steer within a pen had reached 1.1 cm of UBF, all steers were harvested regardless of the fat depth of the fi nal animal. Nevertheless, HCW did not differ (P = 0.86) between steers fed the CON diet compared with steers fed the DGD diets, but it was greater (P = 0.03) for steers fed the CO-EN diet compared with those fed the MIX diets. Steers fed the CON diet resulted in greater marbling scores (P = 0.01) compared with DGD fed steers, with lower marbling scores detected on H+WDG-fed steers when compared with those fed H+DDG (P = 0.01). Longissimus muscle area was greater (P = 0.01) for CONfed steers compared with all other treatments, which ultimately resulted in decreased yield grades (P = 0.01) and dressing percentage (P = 0.03). No differences (P ≥ 0.25) were detected in KPH or quality grade among treatments.
Again, there is no literature currently available on the effects co-ensiled WDGS have on carcass characteristics. However, there are several studies that evaluate the value of DDGS and WDGS in cattle diets. Larson et al. (1993) reported no differences in BF or quality grade in yearling steers when comparing soybean meal as the protein source with diets with up to 40% WDGS inclusions (DM basis). Similarly, Lodge et al. (1997) reported no differences in quality grade, yield grade, or BF when comparing dry-rolled corn and wet corn gluten feed based diets to diets with 40% WDGS or DDGS (DM basis). On the other hand, Al-Suwaiegh et al. (2002) reported greater HCW, BF, and yield grades, as well as similar dressing percentage, LM area, and marbling scores with a 30% WDGS diet (DM basis) when compared with a corn-based control. Huls et al. (2008) reported that BF and marbling were similar, but HCW and yield grades were greater in cattle fed 20% MWDGS (DM basis) compared with those fed 10%, 30%, 40%, and 50% MWDGS (DM basis) and the corn-based control. Most recently, Corrigan et al. (2009) reported a linear increase in HCW, dressing percentage, BF, and yield grade with increasing WDGS up to 27.5% (DM basis) when compared with corn-based diets. Some inconsistencies can be noted among previous studies, maybe due to the variability between sources of distillers grains. Nevertheless, no negative effects on carcass characteristics are reported with inclusion levels in the range used for this study. Increased marbling scores and LM area on CON-fed steers in this experiment are likely due to considerably more days on feed of steers on this treatment.
Experiment 2
No differences in DM, OM, or N intakes were observed (Table 4) . However, NDF intake was greatest (P = 0.002) when steers were fed DGD compared with those fed CON. Because DMI did not differ among treatments, this response was likely due to differences in NDF content of the CON diet relative to diets containing distillers grains (Table 1) . Dry matter intake differences between Exp. 1 and 2 may be due to the smaller number of experimental units and the freezing of the rations after mixing in Exp. 2, which might have prolonged the stability of all diets equally, especially during the fi rst hour after feeding (Buckmaster et al., 2008) . Similar DMI in this experiment resulted in similar fl uid dilution rates between treatments. Apparent total tract DM (P = 0.01) and N (P = 0.02) digestibility were greatest when steers were fed the CON diet compared with all other diets. This may be due to the decreased NDF and more N supplied by soybean meal in CON. Soybean protein has been reported to be more degradable in the rumen than protein in distillers grains (Firkins et al., 1985; Van Soest., 1994) . Foster et al. (1991) reported degradability in the rumen of 53% for DDGS vs. 65% for soybean meal. Apparent total tract OM digestibility was similar across treatments. Greater DM and N digestibility in the CON diet resulted in reduced total fecal DM (P = 0.01) and fecal N (P = 0.01) excretion when steers were fed CON compared with all other diets. Although OM intake and apparent digestibility were similar across treatments, OM excretion was less (P = 0.04) when steers were fed CON when compared with DGD. Besides a tendency for the CON diet to have lower NDF digestibility (P = 0.09) and greater BUN (P = 0.08) compared to the other treatments, values for NDF digestibility, retained N, and BUN concentrations were similar across treatments (P > 0.10).
No differences were detected in ruminal pH (Table 5 ) due to dietary treatment. Steers fed the H+DDG diet had decreased (P = 0.01) rumen NH 3 concentrations compared with H+WDG, and DGD diets resulted in reduced (P = 0.02) rumen NH 3 concentrations when compared with CON diets. The greater NH 3 concentrations detected with the CON diet were likely due to the soybean protein present in that diet, and they are in agreement with results previously reported for N digestibility. The CON diet had greater molar concentrations of VFA (P = 0.03), mostly as a result of greater molar proportions of propionate (P = 0.01) and decreased butyrate (P = 0.01) compared with all other diets. This ultimately resulted in a reduced acetate to propionate ratio (A:P) for CON compared with all DGD. It has been shown that increased starch promotes propionate production, reducing the 2 n = 4.
3 Probabilities for preplanned orthogonal contrasts between CON vs. distillers grain diets, CO-EN vs. diets with distillers grain added at feeding time, and H+WDG vs. H+DDG. 4 Marbling score: 400 = slight 0, 450 = slight 50, 500 = small 0.
A:P in the rumen (Smith and Crouse, 1984; Choat et al., 2003) . Furthermore, propionate is the primary precursor of glucose, which becomes the predominant provider of acetyl units for lipogenesis in intramuscular adipose tissue depots (Smith and Crouse, 1984) . This may have contributed to the greater marbling observed in steers on the CON diet in Exp. 1. In accordance with results presented in this study, Abrams et al. (1983) reported greater DM digestibility and rumen NH 3 concentrations 4 h after feeding in lambs when soybean meal was the main dietary protein source as compared with diets containing 10% WDGS or DDGS (DM basis). Peter et al. (2000) reported greater A:P and decreased VFA concentrations for 20% WDGS diets (DM basis) when compared with a corn-based control in steers. May et al. (2008) also reported decreased propionate concentrations and greater A:P in diets containing 25% DDGS when compared with corn-based diets; however, most researchers (Ham et al., 1994; Peter et al., 2000; Al-Suwaiegh et al., 2002) have reported similar total VFA concentrations between corn-based and distillers grains diets in ruminants. Most literature agrees that minimal differences in DM, OM, N, and NDF intakes and digestibility are observed between corn-based diets and diets containing up to 40% (DM basis) distillers grains (Waller et al., 1980; Firkins et al., 1985; Ham et al., 1994; Lodge et al., 1997; Peter et al., 2000; Leupp et al., 2009; Vander Pol et al., 2009) . Results from reviewed literature comparing distillers grains diets to traditional corn-based diets supplemented with soybean meal are variable, likely because of important variability found in distillers grains across ethanol plants and within the same plant, especially on DM, fat, and S concentrations (Buckner et al., 2008) . Nevertheless, differences in feedlot performance, carcass, and diet digestibility characteristics are minimal. Results from this study suggest that fi nishing diets with 25% inclusion rates (DM basis) of distillers grains result in faster gains, greater feed effi ciency, and similar carcass and diet digestibility characteristics when compared with a corn-based, soybean meal supplemented diet in an isonitrogenous and isocaloric plane. Furthermore, feeding direct-cut forage co-ensiled with MWDGS provides a viable technique to preserve wet distillers grains without risking feed spoilage or a loss in animal performance, rumen health, or carcass quality. Moreover, co-ensiling provides the opportunity for small-and mid-sized producers to purchase Table 4 . Intake, apparent total-tract digestibility, N fl ow and ruminal fl uid dilution rate of fi nishing steers fed directcut forage co-ensiled with corn modifi ed wet distillers grain plus solubles (Exp. 1 CON = corn-silage and soybean meal; CO-EN = direct-cut forage (DC) co-ensiled with modifi ed wet distillers grain plus solubles (MWDGS); H+WDG = haylage (DC ensiled without MWDGS) mixed with MWDGS at feeding; H+DDG = haylage mixed with dry distillers grain plus solubles (DDGS) at feeding. Haylage and DC consisted of 40% tall fescue (Lolium arundinaceum), 20% orchard grass (Dactylis glomerata), 16% red clover (Trifolium pretense), 10% bluegrass (Poa pratensis), 3% alfalfa (Medicago sativa), and 11% other species on a DM basis and contained 28.4% DM, 17.9% CP, and 43.6% NDF (DM basis). Co-ensiled silage consisted of 65% MWDGS (45% DM, 29% CP, 14% crude fat, 31% NDF, 1.48 Mcal/kg; DM basis) mixed with 35% DC on a DM basis. Corn MWDGS contained 44% DM, 29% CP, 14.1% fat, 31% NDF, 1.48 Mcal/kg, 0.75% sulfur, and 0.87% phosphorous (DM basis). Corn DDGS contained 87% DM, 28% CP, 13.9% fat, 32% NDF, 1.45 Mcal/kg, 0.74% sulfur, and 0.88% phosphorous (DM basis).
2 n = 4.
3 Probabilities for preplanned orthogonal contrasts between CON vs. distillers grain diets, CO-EN vs. diets with distillers grain added at feeding time, and H+WDG vs. H+DDG. 4 Apparent total tract digestibility. 
